This study aimed to investigate the potential protective effects of Naringin (NA) in Indomethacin (IND)-induced gastric ulcers in rats. Forty adult male Sprague Dawley rats were randomly divided into four groups; the control group was given intragastric (ig) saline for 10 days, the IND group was given ig saline for 10 days and given a single dose of IND (100 mg/kg, ig) on the 11th day, and the NA+IND and RAN+IND groups were administered NA (100 mg/kg, ig) and RAN (5mg/kg, ig) for 10 days, respectively. These final two groups were administered single dose IND (100 mg/kg, ig) on the 11th day, and 24 hours after IND administration, the rats were decapitated under anesthesia. The stomach tissues were examined to calculate the ulcer index and analyze inflammation and apoptosis markers. In addition, microscopic examination of the stomach tissues was performed. The results showed that IND induced gastric ulcers and increased tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), C-reactive protein (CRP), inducible nitric oxide synthase (iNOS), and caspase-3 levels while decreasing cyclooxygenase-2 (COX-2). NA exhibited a protective effect by preventing these parameter changes. In addition, NA corrected the histopathological abnormalities caused by IND in stomach tissue. These results indicate that NA might protect against the effects of IND in rats.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) such as indomethacin (IND) are extensively used to decrease pain and reduce fever in inflammatory diseases as rheumatoid arthritis and osteoarthritis. These drugs have side effects such as gastrointestinal toxicity and can cause peptic ulcers, bleeding and perforations in the digestive tract [1, 2] . Nowadays, gastric ulcers are among the most common diseases; gastric acid, pepsin, bile salts, Helicobacter pylori infection, alcohol consumption and NSAIDs are major causes of gastric ulcers [3] . NSAIDs trigger gastric ulcers by causing damage to gastric mucosa [4] . At the same time, these drugs impair the balance between the healing of the damaged mucosa and endogenous angiogenesis [3] . Most patients must take additional drugs to prevent the side effects of NSAIDs [5] . IND is the NSAI compound with the highest ulcer potential [6] . The inhibition of cyclooxygenase (COX), reduction of prostaglandin (PG) synthesis, oxidative stress and inflammation caused by IND are among the major causes of gastric pathogenesis [7, 8] .
The protective or therapeutic effects of plant-based agents in experimental gastric ulcer models have been widely investigated in recent years [2, 5, 9] . Naringin (NA) is one of the flavonoid compounds used for this purpose [10] , and NA is usually found in grapefruit, orange, and cooked tomato paste [11] . Flavonoids are secondary metabolites and sources of bioactive compounds in plants [12] . NA has anti-allergic, anti-ulcer, anti-inflammatory, anti-oxidant, antiapoptotic, anti-osteoporotic, and anti-cancer effects [13] [14] [15] [16] . In the present study, the possible gastroprotective effects of NA were investigated in an experimental model of IND-induced gastric ulcer in rats.
Material and methods

Drugs
IND, NA and Ranitidine (RAN) were purchased from Sigma Chemical Co. (St. Louis, Mo, U.S.A.).
Animals
In the study, was used 40 adult male Sprague Dawley rats, whose weights were 220-250 g. The care of the rats was done by providing proper moisture, light and room temperature, free water and feed intake until the day of the experiment. This study has been approved by the Animal Experiment Local Ethics Committee of Atatürk University (Protocol No: 2018/231).
Experimental protocol
The animals were randomly divided into four groups, consisting of a control group, IND group, NA+IND group and RAN+IND group. Control group was administered only intragastric (i.g.) saline for 10 days. IND group was given i.g. saline for 10 days for placebo and on eleventh days of study, single dose IND (100 mg/kg, i.g.) was administered. NA+IND group was administered NA (100 mg/kg, ig) for 10 days and RAN+IND group was given RAN (5mg/kg, ig) for 10 days. These two groups were given single dose IND (100 mg/kg, ig) on eleventh days. After 24 hours from IND administration, rats decapitated under anesthesia and taken stomachs. The ulcer index (UI) calculated to determine the severity of the IND-induced ulcer.
Analysis of cytokines levels and iNOS activity
Stomach tissues were homogenized in phosphate buffer saline (pH: 7.2-7.4) using homogenizer. Afterwards, they were centrifuged at 5000 rpm at 4 °C for 10 min for collection of the supernatants. The supernatants were used to detect the expression of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), C-reactive protein (CRP), inducible nitric oxide synthase (iNOS) and using enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer's instructions (Cayman and Elabscience, Wuhan, China).
Analysis of gastric apoptosis
Caspase-3 activity was determined by means of ELISA immunoassay kits. According to the manufacturer's protocol, the results were expressed as meanSD of the activity of each factor in the tissues.
Histopathological examination
Stomach tissues were fixed in 10% formalin for 48 hours and embedded in paraffin after routine processing. The sections (4 μm) were cut with microtome, stained with hematoxylin-eosin (HE) and assessed under an Olympus microscope (Leica DM 1000, Germany). The sections were evaluated as non-positive (-), mild (+), moderate (++) and severe (+++).
Statistical analysis
All data were statistically evaluated in one-way ANOVA by using SPSS 20.00. The post-hoc Tukey test was used to compare the values between the groups. The data were expressed as mean±standard deviation (SD). p<0.05 was considered statistically significant.
Results
Effects of NA on the severity of gastric lesion
Treatment of rats with IND caused a significant increase in the UI in comparison to controls (Table 1, Figure 1 and 2, ***: P<0.001, n=10). The pretreatment with both NA and RAN significantly decreased (by 73.66% and 75.71%, respectively) the UI caused by IND and UI in these groups higher than control (Table 1, Figure 1 and 2, **: P<0.05, n=10). IND administration significantly increased TNF-α and IL-6 levels compared to the controls, and NA and RAN treatment significantly prevented this increase. In addition, the TNF-α levels in the NA and RAN groups were higher than those of controls. RAN administration exhibited more effective prevention of the increase in IL-6 levels than NA ( Figure 4A and 4B, ***: p<0.0001, *: p<0.05, n=10). CRP and iNOS levels in the IND group were significantly higher than those in the other groups ( Figure 4C and 4D, ***: p<0.0001, n=10). The caspase-3 expression in the IND group was significantly higher than that in controls. NA and RAN treatment markedly prevented the increase of caspase-3 expression in stomach tissue, and it was determined that caspase-3 expression in these groups did not differ significantly than that in controls ( Figure 5 , ***: p<0.0001, n=10). 
Histopathology
When the gastric tissues of the rats in the control group were examined, all the layers were observed to be normal in histological appearance ( Figure 6A ). In the IND group, severe hemorrhage was identified in the mucosa, as well as erosion in the mucosal epithelium, desquamation, deep necrosis focus, and mononuclear cell infiltrations. In addition, severe edema and hyperemia were detected in the submucosa and the vessels, respectively ( Figure 6B ). In the gastric mucosal epithelia of the rats treated with NA, slight erosion and necrosis were detected, mild hyperemia was detected in the vessels, and slight edema was detected in the submucosa ( Figure 6C ). RAN-treated rats showed slight erosion and epithelial necrosis in the gastric mucosa. Moderate hyperemia, edema, and mild mononuclear cell infiltration were also detected in the submucosa ( Figure 6D ). Histopathological findings were summarized in Table 2 . Figure 6 Control (A), normal histological appearance in stomach tissue; IND (B), deep erosion and necrosis in gastric mucosa (arrowheads), severe hyperemia in the vessels in the mucosa and submucosa (arrow), mononuclear cell infiltration, severe edema in the submucosa (stars); NA+IND (C), very mild erosion in gastric mucosa and necrosis (arrowheads), hyperemia the vessels and mild edema in the submucosa (asterisk); RAN+IND (D), mild erosion and necrosis in gastric mucosa, hyperemia in the vessels (arrow) and mild edema in the submucosa (asterisk), H&E, Bar:20µm. 
Discussion
NSAIDs have been extensively used clinically as anti-inflammatory and analgesic agents. However, ulcerative lesions of the gastrointestinal tract are a major side effect of these drugs and are the major limitation to their use [17, 18] . This study investigated the gastroprotective effects of NA in an IND-induced gastric acid model in rats. We determined that NA prevented ulcer formation, inflammation and apoptosis, and for these reasons, it significantly inhibited INDinduced ulcers in rats.
IND, a noncorticosteroid drug, induces ulcerative gastric damage. Polar lipids in the structure of IND have an affinity for the lipophilic areas of cell membranes. These polar lipids cause disruption in the cell membrane and decrement of structural phospholipids and membrane proteins. Consequently, the reduced hydrophobicity of the gastric mucosal surface facilitates the penetration of some agents (gastric acid, pepsin, bile salts) into the mucosa. These agents cause lipid peroxidation in the mucosa and play an important role in the development of gastric mucosal lesions [17] [18] [19] . IND causes ulcerations with hemorrhages and significant increases in gastric UI in normal rats. Our results were in agreement with previous studies [17] [18] [19] [20] and we determined that UI in the IND group was significantly higher than in the control and other groups. Administration of NA prevented gastric ulcers; thus, UI was lower than in the toxicity group.
IND causes gastric ulcers by inducing various events, such as the generation of reactive oxygen species (ROS), the triggering of lipid peroxidation, the induction of apoptosis and the inhibition of prostaglandin E2 [19] . NSAIDs induce gastric injury partly by inhibiting the cyclooxygenases (COX). COX-1 regulates basal prostanoid levels, while COX-2 is associated with the inflammatory response [21] . NSAIDs induce gastric injury partly by inhibiting the cyclooxygenases (COX). COX-1 regulates basal prostanoid levels, while COX-2 is associated with the inflammatory response [4] . When COX activity is blocked by IND, the PG level decreases and impairs gastroprotection mechanisms, reducing mucus and bicarbonate secretion, decreasing mucosal blood flow and leucocyte infiltration, deteriorating microvascular structures and increasing gastric acid secretions [22] . In our study, COX-2 levels were lower than control in INDtreated groups, and NA significantly prevented decreases in COX-2 levels; these results were in agreement with previous research [5, 23] .
NSAIDs may increase the synthesis of TNF-α and leukotrienes [24, 25] , and some clinical studies have determined that the levels of inflammatory factors such as TNF-α, IL-6, and CRP were compatible with the condition of gastric ulcer patients [26] . TNF-α and IL-6 are important mediators in NSAID-induced gastropathy; its production is normally inhibited by an increase in PGE2 levels [27] . CRP is a positive predictive parameter for gastric ulcers caused by active inflammation [28] . TNF-α may have the ability to activate pro-apoptotic caspases [29] . A previous study determined that IND treatment significantly elevated TNF-α levels in rats [24] . Moreover, pretreatment with dexamethasone and PGE2 could prevent increases in gastric injuries and TNF-α levels. Abbas et al. [9] determined that IND administration increased TNF-α levels while decreasing PGE2 levels. In other studies, increased TNF-α levels in IND-treated rats were observed [5] . Li et al. [30] detected that TNF-α, IL-6, and CRP levels were increased in gastric ulcers. In accordance with the literature, in the present study, IND administration increased TNF-α, IL-6, and CRP levels, and NA treatment prevented these increases.
In gastric ulcers induced by ethanol and IND, iNOS levels increase. Guo et al. [21] determined that iNOS expression was associated with severe inflammation in ulcer tissue. Lee et al. [31] and Pan et al. [32] reported that iNOS levels were increased in ethanol-induced gastric ulcers. The results of the present study have shown that iNOS levels increased in the IND group, and NA treatment prevented this increase. NA may decrease NO production via iNOS inhibition in tissue.
The balance between proliferation and death of gastric epithelial cell is of tremendously importance in sustaining of gastric mucosal integrity and apoptosis is regulated by caspase and Bcl-2 families [33] . Caspase-3 is a key mediator for apoptosis and Liu et al. [34] determined that caspase-3 is play in apoptotic cell death in stress-induced ulcer rat model. Some studies have shown that caspase 3 expression has increased in experimentally gastric ulcer models [35] [36] [37] [38] . We detected that IND induced to apoptosis by increasing caspase-3 expression in stomach tissue and NA administration prevented to this evaluate in caspase-3 expression.
IND causes gastric lesions, erosions, and ulcers; congestion; severe alterations in the glandular parts; hemorrhages; the depletion of the gastric mucus layer; amyloidosis; and infiltration of inflammatory cells [39, 40] . In the histopathological examination of the stomach tissues, we found ulcer injuries, severe hemorrhages in the mucosa, erosion in the mucosa epithelium, desquamation and mononuclear cell infiltrations. Our findings were in line with previous reports [40] [41] [42] and these observed changes were consistent with the significant elevation of the gastric level of TNF-α measured. TNF-α is known to play an important role in the pathophysiology of IND-induced gastric ulcers, and it causes the activation of neutrophil infiltration [43] . Also, we determined that NA and RAN treatment significantly prevented these pathological changes.
Conclusion
In the present study determined that IND administration induced to gastric ulcer in rats and NA has protective effects due to anti-inflammatory and anti-apoptotic effects.
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